The efficacy of three different algae (Ascophyllum nodosum, Porphyra yezoensis, and Ulva pertusa) were compared in fingerling red sea bream Pagrus major. Oregon moist diet containing 5% of algae meal were fed for 41 days and the effects were monitored in terms of growth, feed efficiency, and body composition.
There have been several studies on algae meal as a dietary protein source in fish diet. [1] [2] [3] [4] [5] [6] In addition, it has been confirmed that a small amount of algae added to fish diet significantly improves growth, lipid metabolism, body composition, and disease resistance.7-12) Even though the mechanism of efficacy of using algae as a feed additive is not clear, the practical use of algae in fish diet is increasing considerably in Japan. However, evidence for deciding whether every alga is advantageous as a feed additive is still lacking.
The presence of harmful substances in algae, especially in microalgae, should not be disregarded for practical use.
The present study examined the possible physiological effects of three different algae, a brown alga Ascophyllum nodosum, a red alga Porphyra yezoensis, and a green alga Ulva pertusa in young red sea bream Pagrus major, and investigated the efficacy of using algae as an important food material for fishes. Table  1 .
Materials and Methods

Fish and Rearing Conditions
Biometric Analyses
Morphological and anatomical measurements were carried on 30 fish from each group. Condition factor, muscle ratio (MR), hepatosomatic index (HSI), intraperitoneal fat body (IPF) ratio, and muscle protein deposition (MPD) For muscle proximate composition, crude protein was measured by the Kjeldahl method. Lipid was extracted with methanol-chloroform according to the method of Bligh and Dyer.13) To determine the lipid class composition, lipid was loaded on silica gel rods (Chromarod-S II), developed with n-hexane-diethyl ether-acetic acid (80:20: 1, v/v/v) as the solvent system, and analyzed by an Iatroscan TH-10 (Iatron Co., Ltd. Feeding algae increased mean body weight and body length in general (Table 3) , but the condition factor was not affected by feeding algae. While Porphyra increased the muscle ratio, hepatosomatic index, and IPF ratio, Ascophyllum did not influence these parameters. Ulva increased fish size and IPF ratio. Table 4 shows the chemical composition of muscle, liver, and IPF. The slight increase in muscle protein and lipid, which were not dependent on feeding algae, reduced the ash content. The IPF lipid level was not influenced by feeding Ascophyllum and Ulva. Feeding algae increased glycogen accumulation in the liver. The Porphyra-fed group showed the highest glycogen content. Figure 1 shows the lipid content and lipid class com position of muscle. Higher reserved lipid was commonly observed in algae-fed groups. Porphyra and Ulva marked ly increased triglycerides (TG) deposit in muscle and phospholipids, irrespective of the algae. Ascophyllum slightly increased both phospholipid and TG levels. Total TG values calculated from the values of muscle, liver, and IPF are shown in Fig. 2 . The Porphyra-fed group showed a pronounced effect on TG accumulation followed by the Ulva-fed and Ascophyllum-fed groups. The feeding of algae increased lipid reserves, mainly in muscle and IPF. 
Discussion
The present study clearly showed that feeding algae as a feed additive to fish remarkably increased growth, feed efficiency, and protein deposition.
The effect of algae on growth performance has been previously reported in red sea bream, Japanese flounder Paralichthys olivaceus, and rainbow trout. 7, 8, 15) The addition of algae is known to delay the absorption of dietary nutrients and improve carbohy drate and protein utilization.16) In addition, there may be several other factors which stimulate the metabolism and growth.17) The slight increase in muscle protein content and muscle protein deposited by the addition of algae is reflected as a body weight gain. Liver glycogen, which is a readily available energy source, was also higher in groups fed algae. A high protein or high carbohydrate diet generally leads to high glycogen deposi tion inliver.18,19) Therefore, the high glycogen accumula tion and high growth performance in the fish fed algae might be due to the effective absorption of nutrients. While dietary algae increased lipid deposition in the red sea bream, the effects on lipid deposition were not consistent between fish species. 10,19) The extent of the effect on lipid content might also vary according to the growth stage of the fish concerned. The storage lipids of fish fed algae are known to be active and readily mobilized to energy prior to muscle protein degradation in response to energy re quirements. 9, 12, 19, 20) Feeding trials have been already carried out using many species of algae, and the major effects are improvement of lipid metabolism and disease resistance.9-11,19,21) While the main constituents and digestibility of algae are fairly different among algae, the comparison of the effects among the three algae showed similar common positive effects on growth, feed efficiency, and body composition. Ascophyllum nodosum is widely distributed along the northern Atlantic coast and is the most common species in animal feed, and is used in Japan as a feed additive in fish diet. Porphyra yezoensis is consumed as a daily human food and showed the greatest performance in growth and feed efficiency. However, supply and cost problems restrict the use of Porphyra for fish diet.
Many fishes occasionally ingest many species of algae, even carnivorous fishes. Nevertheless, ecologists have not regarded algae as an important food source for fishes. The results of the present experiment suggest that algae promote physiological activities such as protein and lipid metabolism, and indicate the efficacy of using dietary algae as a feed additive for cultured fishes.
